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ABSTRACT:

The concept of learning ClnClmemory is
a neurological process believed to reside
in the nervous system of living organisms, In particula1; thegrowthassociated protein, GAP-43, has been
shown to alter its state of phosphorylation via a protein kinase C mediated
reaction following long termpotentiation, a paradigm of learning and
memory, Most recent studies of GAP-43
in goldfish (Carassius auratus L) have
focused on its presence in regenerating
or developing optic nerves, The present
study seeks to determine theexistence of
GAP-43 in thegoldfish brain and
secondly, quantify phosphorylated
isoforms of GAP-43 before andafter
active avoidance shock training,

INTRODUCTION
GAP--43 is one protein found at neuronal
synapses and has been shown to become
more phosphorylated via a specific chemical reaction mediated by an
called
protein kinase C (Lovinger, et.
Although the precise
remains unknown, it
with intracellular
pathways such as increasing the activity of
G-protein-coupled receptors (Striimatter,
et. a1., 1990) and binding calcium-free
calmodulin (Striimatter, et. a1., 1993).
A protein expressed in the regenerating optic nerve of goldfish following crush
injury; originally called GAP-48, has been
characterized as being homologous to
GAP-43 in the nervous systems of higher
vertebrates including rat, mouse, rabbit
and human due to its similar biochemical
characteristics (Larrivee and Grafstein,
1987a & b: Perry et. al., 1987; Benowitz
and Lewis, 1983 Benowitz and Schmidt,
1987). The goldfish protein,GAP-48,
possesses similar electrophoretic migration patterns, biochemical and physiological properties to the proteinGAP-43,
found in other species. These similarities
include the expression of a highly phosphorylated form during the period of
nervous system development, neuronal
growth, and neurite extension, re-growth
of axon sprouts following regeneration
after crush injury to the axon, and it is
also one of the most heavily phosphorylated proteins following the induction of
long-term potentiation (lTP) (reviewed in
Oestreicher et. a1., 1997). lTP is an activity-induced increase in the efficacy of neurotransmission and had been conceived to
be a physiological correlate of learning
and memory (Bliss and Collingridge,
1993). However it should be noted that
the validity of the actual phenomenon of
lTP has never been shown to occur in
vivo. Therefore, leaving this model open
for question (Russo, E., 1999).
A variety of animal models serve as
paradigms for learning and memory, such
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as long-term potentiation (reviewed in
Bliss and Collingridge, 1993) and
inhibitory avoidance training
(Cammarota, et. a1. 1997). These models
consistently demonstrate an . ,. . . . . . . .
ing increase in the
tion of GAP-43,
been utilized in a
·'V\' .....'/"'I'
paradigm known as
ance conditioning
1988; Xu et. a1., 1998).
In the past, the demonstration of
learning and memory in the goldfish
model has been limited to statistical data
gathered from various behavioral studies.
Due to this fact, we intend to investigate
the biochemical changes occurring in the
goldfish brain during learning and memory formation and hypothesize that the
protein GAP-43 (or a closely related protein) undergoes phosphorylation, similar
to that observed in other animals. Despite
this protein undergoing in vivo phosphorylation folloWing regeneration in the
optic nerve, no reports indicate that GAP43 increases its level of phosphorylation
folloWing a learning task. Information
gathered from this research Willhelp
establish a biochemical basis for the
process of learning and memory occurring
in the goldfish brain and also add more
credence to the lTP model of learning
and memory Therefore, the goals of this
research are to determine if GAP-43 is
expressed in the goldfish brain, and analyze the phosphorylation states of GAP-43
or any other protein found to undergo
significant changes.
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y

I A n ...

METHODS
Enrichment of GAP-43
Thirty goldfish (kindly provided by Dr.
Xandra Xu, GVSU) were anesthetized
With 3-aminobenzoic acid ethyl ester
prior to dissection. Brains were extracted,
weighed (2.105grams total), and placed in
microcentrifuge tubes With 1111 of homogenizing buffer (.32 sucrose, 10mM TrisHCl, 2mM EDTA at pH 7.4). The brains

89

were homogenized lightly with four
strokes using Kontes Pellet Pestle Motor.
The enrichment of GAP-43 followed a
procedure described by McMaster et. al.
(1988). The suspension was centrifuged
at 1000 x g
10 minutes (Eppendorf
Microcentrifuge).
this initial centrifugation,
supernant (51) was
centrifuged at 13,000 x g for 20 minutes.
The pellets (P2) were gathered and
re-suspended in 30 ml of lysing buffer
(10mM EGTA, 2mM EDTA, 10 mM TrisHCL at pH 7.5). This suspension was
allowed to stir gently for 45 minutes in an
ice bath (Nuova II Thermodyne Stir
Plate). Following the lysing procedure, the
solution was centrifuged at 17,5000 x g
for 20 minutes (Beckman LE-80 Ultra
Centrifuge and SW-40Ti Swinging Bucket
Rotor). The P3 pellet was re-suspended in
2ml of 1mM magnesium acetate buffer
(.054g Magnesium Acetate and 250ml of
water) and pH to 11.5 with 1M NaOH.
This mixture was centrifuged at 75,000 x
g for 20 minutes. After centrifugation, the
suspension Was adjusted to pH 5.45 using
sodium acetate and centrifuged at 75,000
x g for 20 minutes. The S5 was adjusted
to 40°16 ammonium sulfate and stored at
4°C for 20 minutes. The solution was
centrifuged at 100,000 x g for 20 minutes. The 56 was adjusted to 80°16 ammonium sulfate and stored at 4°C for 20
minutes and centrifuged at 75,000 x g for
20 minutes.

I-Dimensional SDS-Polyacrylamide
Gel Electrophoresis
Following the final centrifugation of the
enrichment process, a sample of the 57
was diluted -l-fold with a sample buffer
containing 10°16 sodium dodecyl sulfate
(SDS), 1°16 Bromophenol Blue, 5°;6 2-mercaptoethanol and 7°;6 glycerol), briefly
heated in a boiling water bath and loaded
onto a 10°16 SDS-polyacrylamide gel. After
the electrophoresis of proteins at 150 volts
for 1.5 hours, the gel was immersed in
fixing buffer (50°16 methanol, 7°16 acetic
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acid) for 1 hour, stained in .2°;6
Coornassie Blue and 7°;6 acetic acid and
destained in 10°16 methanol and 10°16
acetic acid for 3 hours.

Western Blotting and
Immunocytochemical
Detection of GAP-43
The
was immediately equilibrated in a transfer buffer (2.5mM Tris,
192nM glycine at pH 8.3) for 10 minutes.
Proteins from the sample gel were rapidly
electroeluted onto a PVDF (polyvinylidene difluoride) membrane at 100 volts,
300 mAmps for 1 hour using the Mini
trans-Blot electrophoretic transfer cell (Bio
Rad). The PVDF membrane was then
rehydrated in transfer buffer, incubated in
blocking solution (.5°16 bovine serum
albumin: BSAand 2°16 normal goat serum)
to inhibit any non-specific binding of the
primary antibody to the PVDF membrane.
The membrane was incubated for 45 minutes in a 1:2000 dilution of primary antibody (mouse anti-GAP-43 monoclonal
antibody; Chemicon International). Three
washes in phosphate buffer saline solution
(PBS) and 0.05°16 Tween 20 occurred at
five minute intervals. Secondary antibody
incubation followed using a biotirrylated
goat anti-mouse IgG that was diluted
1:500 in blocking solution containing
0.05°16 Tween 20 for 30 minutes. The
membrane was washed three times in five
minute intervals before being incubated
for 1 hour in avidin biotinylated enzyme
complex (Vector Labs) at 4°C. Three more
washes occurred prior to a color development with 3,3' diaminobenzidine using
the DAB peroxidase substrate tablet kit
(Sigma Chemicals). The membrane was
washed a final time in large amounts of
PBS to halt the color reaction.
Results
The initial observations of the P7 sample
stained with Coomassie blue, thought to
contain the enriched GAP-43 fraction
revealed a characteristic band located near

to 43kDa molecular weight marker. Our
first attempt at immunodetecting GAP-43
on the PVDF membrane produced two
brown colored bands in all lanes containing the P7 sample. Unfortunately; negative
control experiments utilizing the same
procedures without the primary and
biotinylated secondary antibody also
duced a similar banding pattern; hence
we have detected the occurrence of a false
positive reaction. Therefore, we are currently repeating the procedure utilizing a
primary antibody against GAP...43 raised
in a different animal other than mouse. To
date, there are no commercially available
antibodies specifically directed against
goldfish GAP-43.

Discussion
Although the phosphorylation of GAP-43
is involved in neurons during developmental periods and in the regeneration of
axons following injury, our interest has
been in its involvement in the process of
LTP LTP is an in-vitro phenomenon first
shown to occur in rat brain slices of the
hippocampus (the region of the brain
where initial memory formation occurs).
In these experiments, the hippocampus is
stimulated at a high frequency and causes
neurotransmission to be maintained after
removal of the stimulus. Normally; neurotransmission stops immediately following
the cessation of impulses. However, this
phenomenon of a prolonged level of activity is induced by glutamate transmission
and is believed to be maintained by a
release of nitrous oxide (NO) from the
post-synaptic target. The retrograde signaling by NO functions to potentiate (or
reinforce) the process of transmission by
stimulating a biochemical cascade in the
axon terminal involving activation of
protein kinase C and the subsequent
phosphorylation of GAP-43.
The actual biochemical changes that
occur in the brain underlying the physiological process of learning has never been
fully described and still remains rather
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mysterious. However, the phosphorylation of GAP-43 may be a key event to
explain how "memories" are formed,
because of its cellular location, anatomical
distribution and selective expression in
associative brain regions. Interestingly, the
in-vivo model of learning in goldfish can
be blocked using drugs that inhibit
nitrous oxide synthesis (Xu, 1996).
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